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Specification 


1. Title of the Invention 

Preparation of semiconductor integrated circuit 

2 . Claim 

The preparation of a semiconductor integrated circuit is comprised 
of the special features of: a process to form a primary Si0 2 layer on the 
main side of a silicon substrate that is subject to oxidized treatment; 
a process to form a primary Si 3 N 4 layer on the silicon substrate or the 
Si0 2 layer, where the silicon substrate is subject to thermal treatment 
in a gaseous atmosphere containing ammonia or ammonia itself; a process 
to selectively form a secondary Si 3 N 4 layer on top of the primary Si0 2 
layer; a process to form a third Si 3 N 4 layer and a secondary Si0 2 layer 
on the region under the secondary Si 3 N 4 layer on top of the primary Si 3 N 4 
layer and the primary Si0 2 layer removed from the secondary Si 3 N 4 layer 
on top of the primary Si 3 N 4 layer and the primary Si0 2 layer; and a 
process to form a third Si0 2 layer for separation among elements in the 
region of the third Si 3 N 4 layer on the main side of the silicon substrate 
subject to oxidation treatment for a third Si 3 N 4 layer mask on the 
silicon substrate. 

3. Detailed Explanation of the Invention 

This relates to the improved preparation of semiconductor 
integrated circuit devices, with this invention comprised of a 
semiconductor element that is constructed of a layer for separating 
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elements from other semiconductor elements. 

This method of semiconductor integrated circuit preparation is 
illustrated in Figure 1, and involves, as shown in Figure 1A, the flat 
main section (1) of, for example, a P-type silicon substrate (2) subject 
to thermal oxidation treatment. As shown in Figure IB, on the side of 
the main section (1) of the silicon substrate (2) , one forms a Si0 2 layer 
(3). Next, on top of the Si0 2 layer (3) as shown in Figure 1C, 
selectively form a Si 3 N 4 layer (4) . Then, as shown in Figure ID, remove 
the region of the Si0 2 layer (3) beneath the Si 3 N 4 layer (4) and form a 
Si0 2 layer (5) in the area beneath the Si 3 N 4 layer (4) with the Si0 2 layer 
(3). Next, as shown in Figure IE, on the silicon substrate (2), form a 
Si0 2 layer (6) layer for separation among elements in the area beneath 
the masked and oxidized Si 3 N 4 layer (4) on the main section of the 
silicon substrate (2) . Then, as shown in Figure IF, remove the Si 3 N 4 
layer (4) and the Si0 2 layer (5) from on top of the silicon substrate 
(2) . Finally, as shown in Figure 1G, create a semiconductor element (8) 
in the region (7) for the semiconductor element forming region, 
specifically, in the region (7) where the layer for separation among 
elements is not formed by the Si0 2 layer (6) on the silicon substrate (2) 
after heating. Thus, this preparation of a semiconductor integrated 
circuit is presented with the purpose of separating one semiconductor 
element (8) from other semiconductor elements (8) with the layer for 
separation among elements (6) . The semiconductor element (8) in Figure 
1G has a source area formed on the side of the main section in the 
silicon substrate (2) labeled as N-type region (9) and a drain area 
labeled as N-type region (10) , and a channel area (11) in between 


regions (9) and (10) on the silicon substrate (2) , on top of which is a 
gate insulation area through a Si0 2 layer (12) to the conductive layer 
(13) of the gate electrode, and region (7) and the Si0 2 layer (12) on the 
Si0 2 layer (6) , where an insulation layer (14) extends over the 
conductive layer (13) . In between each insulation layer (14) are 
previously cut windows (15) and (16) through which regions (9) and (10) 
are connected from the source electrode to the wiring layer and from the 
drain electrode to the wiring layer; conductive layers (17) and (18) are 
constructed with MIS [illegible] effect- type transistor semiconductor 
elements that comprise this example. 

When preparing a semiconductor integrated circuit, for preparation 
with a layer for separation among elements, the Si0 2 layer (6) has a Si 3 N 4 
layer (4) mask on the thermal oxidation treated silicon substrate (2). 
In this case, because of the thermal oxidation treatment, a Si0 2 layer 
(5) exists under the Si 3 N 4 layer (4). If this Si0 2 layer (5) didn't 
exist, during thermal oxidation treatment, distortion would be created 
in between the Si 3 N 4 layer (4) and the silicon substrate (2) [illegible] . 
In the element formation region (7) , do not ignore the distortion or 
there will be strain. Oxidizing agents such as oxygen, water molecules, 
hydroxyls, etc. should each be placed on the surface of the Si0 2 layer 

(5) and Si 3 N 4 layer (4) to permeate the area beneath the Si 3 N 4 layer (4) 
during thermal treatment with the Si0 2 layer (6) for the layer for 
separation among elements. Then, through the Si0 2 layer (5), reach the 
side of the main section of the silicon substrate (2) . The Si0 2 layer 

(6) for the layer of separation among elements is in the area beneath 
the Si 3 N 4 layer (4) . The degree of thickness of the Si0 2 layer (6) for 


the layer of separation among elements and its length is an extension of 
the birdbeak so the minimum width of the Si0 2 layer (6) for the layer of 
separation among elements is preset. The birdbeak extended portion is 
more than twice the size of the minimum width. For this, the 
semiconductor integrated circuit has a fixed limit for high- density 
integration. Also, for thermal treatment of the Si0 2 layer (6) for the 
layer for separation among elements, the Si 3 N 4 layer (4) should be thick, 
and if the Si0 2 layer (5) is not thick, the Si0 2 layer (6) for the layer 
of separation among elements should have the length of the birdbeak 
shortened accordingly. In between the Si 3 N 4 layer (4) and the silicon 
substrate (2) , if the distortion is great or if the distortion 
[illegible] effect in the Si0 2 layer (5) weakens, eventually [illegible], 
along with distortion in the element formation region (7) that cannot be 
ignored, there will be strain. 

This invention is to present the preparation of an original 
semiconductor integrated circuit as written below to clearly illustrate 
the high-density integration limits referenced in existing situations 
mentioned where the element forming regions are not strained by the 
stress of distortion. 

Figure 2 shows the working example for this invention, showing a 
portion equivalent to that in Figure 1 with identical identifying marks 
using the prepared surface (1) shown in Figure 2A with a P-type silicon 
substrate (2) , for example, subject to thermal oxidation treatment to 
form a Si0 2 layer (3) on surface (1) of the silicon substrate (2) at a 
level of 500°C, for example, as shown in Figure 2B. 

Next, with the Si0 2 layer (3) formed on the silicon substrate (2), 


perform thermal treatment using ammonia or in a gas environment 
containing ammonia, at, for example, a high temperature of 1000°C- 
1300°C, to form a Si 3 N 4 layer (21) as shown in Figure 2C on the Si0 2 layer 

(3) and the silicon substrate (2) . This Si 3 N 4 layer (21) will form 
thicker and faster with higher pressure using ammonia or a gas 
environment containing ammonia. 

Next, as shown in Figure 2D, along with selectively forming the 
Si 3 N 4 layer (4) on top of the Si0 2 layer (3), form the resist layer (22) 
mask on top of the Si 3 N 4 layer (4) during ion infusion treatment with, 
for example, a photoresistant layer, a Si0 2 layer, a gold-plated layer, 
or others. Then, depending on the purity of the ion shooting treatment 
on the N-type and the mask of this resist layer (22) , the ion shooting 
layer (23) is manufactured in the region under the main layer (21) on 
the silicon substrate (2) . 

Then, create a Si 3 N 4 layer (24) and a Si0 2 layer (5) underneath the 
Si 3 N 4 layer (4) on the Si 3 N 4 layer (21) and Si0 2 layer (3) by removing the 
region under the Si 3 N 4 layer (4) of the Si 3 N 4 layer (21) and the Si0 2 layer 

(3) as shown in Figure 2F using an etchant to separate the Si0 2 layer (3) 
and the Si 3 N 4 layer (21) , such as [illegible] acid, and removing the 
resist layer (22) and Si 3 N 4 layer (4) . In this case, the etchant 
employed was used effectively in etching the Si0 2 layer (3) , but 
depending on the etchant, there can be damage to the ions during ion 
shooting treatment to form the ion shooting layer (23) with the Si 3 N 4 
layer (21) . If there is etching trouble with the etchant on the Si 3 N 4 
layer (21) , before performing the etching treatment, perform the ion 
shooting treatment using inactive ions such as argon, etc. on the Si 3 N 4 
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layer (21) , or continue the etching treatment on the Si0 2 layer (3) with, 
for example, [illegible] acid as an etchant to obtain good etching 
treatment. In this case, if there is [illegible] while etching the Si 3 N 4 
layer (4), the thickness of Si 3 N 4 layer (21) is thin enough for 
essentially no trouble to occur. 

Next, as shown in Figure 2G, remove the resist layer (22) from on 
top of the Si 3 N 4 layer (4), then perform thermal oxidation treatment on 
the mask of the Si 3 N 4 layers (4) and (24) on the heated silicon substrate 
(2) . Form the layer for separation among elements with the Si0 2 layer 
(6) in the region beneath Si 3 N 4 layers (4) and (24) on the surface of the 
main section of the silicon substrate (2) as shown in Figure 2H. In 
this case, surface inversion prevention layer (25) is formed under the 
Si0 2 layer (6) for the layer for separation among elements on silicon 
substrate (2) by the ion shooting layer (23) . 

Next, as shown in Figure 21, the Si 3 N 4 layer (4) , Si0 2 layer (5) , and 
Si 3 N 4 layer (24) are removed from the top of the silicon substrate (2) . 
In the case of the Si 3 N 4 layer (4) and Si0 2 layer (5), use an etchant for 
removal of these Si0 2 layers (5) Si 3 N 4 layers (4) . For the Si 3 N 4 layer 
(24) , use an [illegible] acid as an etchant to perform the etching 
treatment, or plasma etching treatment for removal. 

Next, for the layer for separation among elements on the silicon 
substrate (2) , in the region (7) where the Si0 2 layer (6) is not formed, 
this will be the area (7) element forming region, as illustrated in 
Figure 2 J. For example, in the above case shown in Figure 1G, form the 
same semiconductor element (8) by separating one semiconductor element 
(8) from the other semiconductor elements (8) with the Si0 2 layer (6) for 
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the purpose of creating this semiconductor integrated circuit. 

Given above is but one example clearly describing the preparation 
of the semiconductor integrated circuit of this invention. Depending on 
the preparation, the Si0 2 layer (6) for the layer for separation among 
elements is coated with a mask of Si 3 N 4 layers (4) and (24) on the 
silicon substrate (2) and subject to thermal oxidation treatment. In 
this case, oxidizing agents such as oxygen, water molecules, hydroxyls, 
and others pass through the Si0 2 layer (5) and the Si 3 N 4 layer (4) to 
permeate the area beneath the Si 3 N 4 layer (4). For the Si 3 N 4 layer (24) 
to exist beneath the Si0 2 layer (5), the oxidizing agents must be 
prevented from reaching the silicon substrate (2) main surface. For 
this, the Si0 2 layer (6) for the layer for separation among elements, in 
the area beneath the Si 3 N 4 layers (4) and (24) , the birdbeak extension is 
either formed or not formed. As shown in the figure, since the length 
of the birdbeak is no more than the thickness of the Si0 2 layer (6) for 
the layer for separation among elements, it can be formed at nearly the 
minimum width of the Si0 2 layer (6) for the layer for separation among 
elements or with a larger formation, but as explained with Figure 1, 
compared to existing devices, this is, formed with remarkably small 
widths . 

Therefore, as described above, this semiconductor integrated 
circuit has the remarkable feature of high- density integration instead 
of the limitations of comparatively larger widths as mentioned for 
Figure 1. Also, the length of the conductive layer extending from the 
semiconductor element (8) can be shortened, and along with shortening 
this portion of the conductive layer, the suspended volume and 
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resistance, etc. decreases to construct the high-speed integrated 
circuit with the semiconductor elements (8) . In the case of this 
invention, the Si0 2 layer (5) and the silicon substrate (2) surface area 
beneath the existing Si 3 N 4 layer (24) extend over the Si0 2 layer (6) for 
the layer for separation among elements. Depending on the distortion 
between the silicon substrate" (2) and the Si 3 N 4 layer (24), there may be 
accompanying distortion in the element forming region (7) , causing the 
problem of stress to occur. Depending on whether or not the Si 3 N 4 layer 
(24) is formed sufficiently thin, in reality, this problem will not 
occur. 

The description above is simply one example for this invention. 
For example, as shown in Figure 2D, the formation process to form the 
layer (22) is abbreviated and in the next figure, Figure 2F, the 
formation process to form the ion shooting layer (23) is abbreviated. 
It is also possible to have a semiconductor integrated circuit with 
surface inversion prevention layers (25). Of course, this invention has 
a semiconductor element (8) for the semiconductor integrated circuit as 
in the example given above with an MIS [illegible] effect- type 
transistor, an external [illegible] electronic effect type, and is 
clearly appropriate for a bipolar type with active elements and passive 
elements . 

4. Brief Explanation of the Figures 

Figure 1 shows the order of the existing process for semiconductor 
integrated circuit preparation in an abbreviated cross -sectional 
diagram. Figure 2 shows the order of the process in one example of 
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semiconductor integrated circuit preparation in this invention in an 
abbreviated cross- sectional diagram. 

In the figures, 1 denotes the main section; 2 the silicon 
substrate; 3, 5, and 6 the Si0 2 layers; 4, 21, and 24 the Si 3 N 4 layers; 
7 the element forming region; and 8 the semiconductor elements. 
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Figure 2 [continued] 
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(54> PREPARATION OF SEMICONDUCTOR INTEGRATED CIRCUIT 
(11) 55-50634 (A) f (43) J^L9SQ_X19) JP 
(21) Appl. No. 53-124S10 (22)' 11.10.1978 

(71) NIPPON DENSHIN DENWA KOSHA (72) YUTAKA YORIUME(l) 
(51) Int. CP. H01L21/76 


PURPOSE: To obtain an IC device, by moderating the limits of integration by the 
birdbeak of a Si0 2 film, and by lightening the stress of distortion between SiQj 
and Si 3 N 4 . 

CONSTITUTION: Si 3 N<21 is mounted to the interface of a p-type Si substrate 2 
and a Si0 2 film 3 t and coated with a double-layer mask of Si 3 N 4 4 and a resist 22, 
and a n-type ion shooting layers 2cj are manufactured. The films 3, 21 are etching- 
opnedr the Resist 22 is removed and a Si0 2 layers 6 for separation among elements 
are selectively prepared by thermal oxidation treatment. In this case, surface in- 
version preventive layers 25 by the ion shooting layers 23 are formed under the 
layers 6. Si 3 0 4 films 4, 5 and a Si0 2 film 24 are etching-removed, and one semicon- 
ductor element 8 is separated from other semiconductor elements 8 by the layers 
6 according to the fixed method and made up. Since the length of birdbeak is not 
more than the thickness of the layers 6 in this method, the width of the layers 6 
can remarkably be lessened as compared to conventional devices, this IC device 
can be compacted and element formi ng regions are not strained by the stress of 
distortion between Si 3 N 4 23 and the" substrate 2. ' 
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3 * ft 2 0£!ki W<Om.2 iTOVflte y^Ott 

« 4 * ^ n & to 2 35rft4Sc-ri« 

;K 2 1 K?1t4ftJth*«*((l*t44i5't 

^ ^ ^ £ * SS tt © x y t y f *t ^ t 5 U-C 
5ft 2 » F tt * T 5D < V = vflifcftW J i 

y * f *Mt «j * 2 1 © »j = y a it «a j« 4 t ^ 
to*iy*©t«**i**L-cs'*J =i v ft to to 3 

4TO«hTU'/ll = >*IK»* 5 Atf'/'J 

3>SlCtBh*2 4*^&T4o £©*»£"* £. (T> 

^^©xs'^-rx htt-^'J a >■ ^ ft % » 3 y jo) 

»* W K x y + y 7 t & tc h r\ X \s* * co t 
*> i a; * umi^yt-ryhKtox^ yn^y 
( 8 ) 


& It % to 2 1 *-tn<i>.j(E'tf4'l*>IIi&J#2i 

MftriA^-i * ^ n ^ is ^ <o * y K i 
ot?«**$:n-c^<>c: it; I o x y ^ ^ u 
^o»>ot*>o3<» ^Lfecixy^-tvi-ici 

h y 'J ^ > S It'* : i»-2 1 *; ?I T 4 x s> y ^ tfi 

w»T*&jiB'tt-«xy + >^fti«ipFic'x y = > 
ft » 2 i *j -r o t a- 3 y © is a ff3 * 

S * 4 7f > * -f Jf^fT&W&fr'f'JO* 

u it < 3- * X i3 > y = / is !c a Hi 3 rc *j t 4 x 
y > ^ % jgt *t fc* t-. t rl * * * 5- x * + 

*» o o fa C O j» w :i > it W M 4 *\ x y * , 

y/U4«r HtM irH3-> y = ^ SMt 
K *c m 2 w (» it tS t r. < * 2 2 t '/ V a y ft 

K J9 t 4 f 'J ay?BitWW4*0 t 2 4 
t-tf*JI*tS<t«ift*a' LT*2MHK>FTlfl!< 
•> 'J a y » ft 2 O 3£ QD flf tO >i a i/ s ft «B to 4 
( 9 ) 


&02 4T©i*J*y$ > VO*AteltS' y a yMdTJ 

9 •> y = y * ft 2 a» « frfi *> b * to i u *c *o -> 

y a > * It W to 6 F©^tB!K > f^^f!vSte2 3 

KX*ftiiiftfcWjhft« 2 5 i 1 - 3 71 A t m 
T *> * o 

^ it & 2 ^ J #t w t ?r < ^ y = ^ v it w ■# < * 

y a y & ft & w 5 & o > « a y'/lc*«f 2 a 

J-VJ a >*6 211 t)«Ei : t4 0 C « 1* f 

»/ 3 >5rltw* 4 a (/ -y '/ 3 >- $ ft » * 5 n y 
'J a^fhltWW 5 KflT**y ^ + y hfrmv^ 
-C -f © *✓ «J 3 X (6 It «B fit 5 ft? * T 4 C i K I 

5 c n i it •> •) 3 i/ ^- (t w tfi 4 5- »e i u , 

X'xi)3>Si|C*BW2A*ifrjij(StlfCX&xy^ 
-rxt-frW^rtxy'*- y ^ « & rc X jrt ti * 1 «^iaA 

at #c ^ v 3 20tft : fr«'»^mffl/rfiLi: 
y *} 3 > m ft to w 6 © m k s n tw^«i* 7 
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iR»©*i»***8fc**«L% JPr < T — © * 

*t***a*j**iBi£t»«tt& u t © */ 'J a / 
» (t«g« 6 rc: t to © — © * t* 3; + 8 

4, 

* -t©5«fctKi-=>-c^ibr4*-?-Pai^)teffl* 
i u T © f 'J = > ft ft to ft 6 # * '/>J ayftft 

rcft-r&MfSftfefcsK: i-o x ft h n & 4 © r * 

Ail, C © 43 -& ft JR , 7* * * # ft & 35 © ft ft 

ft # ■> y = > ft ft to * 5 & o* ^ 'J = ^ js ft to « 
4 © «a m ** i iJ+n^o^^ife&fttift^T^ 

y =i ^ « ft to S 4 TO^»W KSSTi i UTt 
-t © ft ft ft tt » 'J a >B5 lt»» 5 TO'/ U a 
/a ft to* 2 4 © # £ © ■> 'J a / £ 16 2© 

sarcifttit t itH±« n» t © & # ^ im & 

« «1 » i U T © 4"l 3 / ft ft to « 6 # f 'J a y 
8!ftto«4&f>2 4TOffi*RKJ?rn^-Xtf 
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to J# 2 4«#£OTK<9t>n-&t iK£ 5* V 

y a ^ # ft to « 2 4 & o y 3 ^ * «* 2 (tn re si 

-f o & 73 *C loTjK^^ffiftiise? # $ # * 
& * A. h v. o 4, . ft & hi) ffi ti f 'J = / S» ft to 
wfiff'rtliJSi 64 t © T H Ji W t © T * * o 

L» ffT#, 2iaF-rcwr-rcD< frt 4 v fT & ffi 25 
^feEtii^ 5lS«r'4»L, fE -3 T ^ 3b & 
It (57= it * 2 5V^^5"*^*a«**fsiftKft 

t$9ft®f*.fr*<n*#t£&3'8 V ± « © BD < 
MI S w * 5fc J* IP t 5/^^^iU"C?S4^H 
« © * * S3 J* §T' , '*4iK-?ffi!©1lg*S**£L 
t*JtKH*B*^i L t W 4 * * K 4 

4. Sgfli©ffi*4tett 

£ 1 KKKtt#© ± i t i*i**t*[s]tt#». ©*4ft 
(13). 
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^4^:44*F©t^-r&t©T^4 0 xen k 
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fc&agL#£©Tt©^*mi3:WK#5#?->gS 
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= v ti ft to r* 6 & f 'J =i w ft ft to * 5 bt U *s *} 

3 / 2©«fnia«6rcttii-r4->»j 3 * a ft 
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& * £ ^ ft I &***V**fr(SiF&fttt©*«£© 
— 9»)Sr^Tifeex©I-64(Cfi?H-4b?t#v&9WltHlU?J-C 

i&i *P 1 tt £ ifD * 2 B '/ 'J a y ft B\ 3 , 5 

y 6tt'/ M yk|tt*» 4. 2 1& 02 4H 
»J =» / * ft to ft * 7ta*-?-»Biia«u 8 « ^ 

at******* ^T 0 

to J&fl A BX*«-*fcfitt 

tt' JS A #is± tfi 4' iE ft 
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